Examinations of marine fishes off New Caledonia, South Pacific, carried out in [2003][2004][2005][2006], yielded some nematodes of the genus Philometra Costa, 1845, including the following three new species: P. cyanopodi sp. nov. (males and subgravid females) and P. lethrini sp. nov. (males and subgravid females) from the gonads of Epinephelus cyanopodus (Richardson) (Serranidae) and Lethrinus genivittatus Valenciennes (Lethrinidae), respectively, and P. lagocephali sp. nov. (gravid female) from the abdominal cavity of Lagocephalus sceleratus (Gmelin) (Tetraodontidae). Another congeneric species P. fasciati sp. nov. from the gonads of Epinephelus fasciatus (ForsskDl) (Serranidae), originally reported as P. lateolabracis (Yamaguti, 1935) , has been established with reference to the description of males and a mature female published by Moravec and Justine (2005) . The new species are characterized mainly by the length of spicules and the length and structure of the gubernaculum, structure of the male caudal end (except for P. lagocephali), body size, location in the host and by the types of hosts. In addition, Philometra sp. . Une autre espPce congénérique P. fasciati sp. nov., des gonades de Epinephelus fasciatus (ForsskDl) (Serranidae), originellement rapportée comme P. lateolabracis (Yamaguti, 1935) , a été établie par référence B la description des mâles et d'une femelle mfre publiée par Moravec et Justine (2005) . Les nouvelles espPces sont caractérisées principalement par la longueurs du spicule, la structure du gubernaculum, la structure de l'extrémité caudale du mâle (sauf pour P. lagocephali), la taille du corps, la position chez l'hôte et le type 
Introduction
The fauna of philometrid nematodes (Philometridae) parasitizing marine fishes remains poorly known, despite the fact that some species may be agents of serious diseases of fishes with economic importance or may significantly affect their reproductive success (Sakaguchi et al. 1987 , Clarke et al. 2006 , Moravec and Genc 2004 , Moravec et al. 2007 . The identification of these parasites is often difficult because of their morphological and biological peculiarities. Many spe-cies of philometrids are known only from the large-sized females, with a body length from a few centimetres up to about 1 m in different species, whereas the conspecific males are generally of much smaller size (usually from 2-5 mm long) (Moravec 2004 (Moravec , 2006 .
The only report on philometrids in New Caledonian waters is that of Moravec and Justine (2005) , who recorded two species of Philometra Costa, 1845, P. ocularis Moravec, Ogawa, Suzuki, Miyazaki et Donai, 2002 and P. lateolabracis (Yamaguti, 1935) , in five species of groupers (Serranidae, Perciformes). However, considering the recent redescription of the latter species (including the newly discovered male) from the type host in Japan by Quiazon et al. (2008) , the belonging of New Caledonian specimens to P. lateolabracis has been questioned (Moravec 2008) . During 2003 During -2006 , while studying the parasites of marine fishes off New Caledonia, new samples of philometrid nematodes were collected from some perciform and tetraodontiform fishes. Taxonomic evaluation of this material is presented in this paper.
Materials and methods
Fishes were caught by line or speared, at distances less than 30 km from Nouméa, New Caledonia. All fish specimens were measured, weighted and photographed. A unique number (JNC) was assigned to each fish. The parasitological material was then assigned a corresponding JNC linked to the respective fish host. Nematodes of the family Philometridae used in this study were recorded from the following species of New Caledonian fishes: Serranidae: areolate grouper, Epinephelus areolatus (ForsskDl) (1 specimen examined) and speckled blue grouper, Epinephelus cyanopodus (Richardson) (6); Lethrinidae: longspine emperor, Lethrinus genivittatus Valenciennes (20) ; Lutjanidae: brownstripe red snapper, Lutjanus vitta (Quoy et Gaimard) (1); and Tetraodontidae: silverstripe blaasop, Lagocephalus sceleratus (Gmelin) (2). The nematodes for morphological studies were fixed in hot 4% formaldehyde solution in physiological saline. For light microscopical examination, they were cleared with glycerine. Drawings were made with the aid of a Zeiss microscope drawing attachment. The specimens used for scanning electron microscopy (SEM) were stored in 4% formaldehyde solution and then postfixed in 1% osmium tetroxide, dehydrated through a graded acetone series, critical point dried and sputter-coated with gold; they were examined using a JEOL JSM-6300 scanning electron microscope at an accelerating voltage of 15 kV. All measurements are in micrometres unless otherwise stated. 
Results

Philometra cyanopodi sp. nov. (Figs 1 and 2)
Description: Male (9 specimens; measurements of holotype in parentheses). Body filiform, whitish, 2.72-3.59 (3.2) mm long, maximum width 54-82 (68). Cuticle smooth. Cephalic end rounded. Oral aperture very small, almost circular, surrounded by small ring of elevated tissue. Cephalic papillae small, arranged in two circles; outer circle formed by four submedian pairs, inner circle by four single submedian papillae and pair of lateral papillae (Figs 1E; 2B, C). Amphids rather small. Oesophagus 654-765 (660) long [19-24 (21%) of body length], maximum width 30-36 (30), with slight inflation at anterior end; posterior portion of oesophagus with well-developed, long oesophageal gland with large cell nucleus at middle. Oesophageal nucleus and nerve ring 408-558 (449) and 195-243 (210) , respectively, from anterior extremity. Excretory pore 233-286 (264) from anterior end of body. Posterior end of body blunt, with broad, U-shaped, lobular mound and with one pair of preanal and two pairs of postanal very flat, hardly visible caudal papillae (Fig. 2F, G) . Spicules brownish, slender, needle-like, almost equally long (sometimes right spicule slightly longer), with somewhat expanded proximal and sharply pointed distal tips; length of spicules 183-228 (183), representing 6-8 (6%) of body length. Gubernaculum narrow, 129-162 (150) long, with approximately its proximal third somewhat dorsally bent; length of anterior bent part 39-63 (57), representing 30-39 (38%) of entire gubernaculum length; distal end of gubernaculum rounded, its dorsal part with transverse lamella-like formations (Figs 1F; 2F) . Length ratio of gubernaculum and spicules 1:1.22-1.54 (1:1.22). Spicules and gubernaculum well sclerotized.
Female (10 subgravid specimens; measurements of allotype in parentheses): Body of larger fixed specimens brown (red-coloured in live specimens) and yellowish in smallest specimen; posterior part of body narrower than anterior part; maximum width of body at short distance posterior to end of oesophagus; width of cephalic end 177-367 (340). Body length 21. 35-208.00 (208.00) mm, maximum width 476-1,401 (1,401) ; maximum width/body length ratio 1: 45-170 (1:148) . Cuticle appears to be smooth under LM, but SEM shows it is densely transversely striated (Fig. 2E) . Oral aperture large, almost circular, surrounded by minute cephalic papillae arranged in two circles and slightly outlined lateral amphids; internal circle of papillae consisting of four submedian and two lateral single papillae, whereas external circle formed by four submedian pairs of papillae of equal size and shape (Figs 1C; 2A) . Bottom of broad buccal cavity formed by surfaces of three oesophageal sectors. Oesophagus including anterior bulbous inflation 1.02-1.85 (1.85) mm long, representing 0.7-4.8 (0.9%) of whole body length, maximum width of its posterior part including oesophageal gland 95-163 (150); bulb 105-129 (129) long and 60-183 (183) wide, well-developed, distinctly shorter than width; bulb distinctly wider than posterior portion of oesophagus. Oesophageal gland poorly developed (Fig. 1A) ; oesophageal gland nucleus 612-1,020 (1,020) from anterior extremity. Nerve ring 245-381 (381) from anterior end of body. Ventriculus present, Prevalence and intensity: 4 fish infected/6 fish examined; 1-13 (mean 6) nematodes per fish.
Deposition of type specimens: Holotype, allotype and paratypes in Muséum National d'Histoire Naturelle, Paris (JNC 546, JNC 1998 , JNC 1999 , JNC 2000 ; paratypes in Institute of Parasitology, Biology Centre, ASCR, Èeské Budìjovice (N-896).
Comments: According to Moravec et al. (2008a) , to date there are 23 gonad-infecting species of Philometra, two of which, P. neolateolabracis Rajyalakshmi, Hanumantha Rao et Shyamasundari, 1985 and P. nemipteri Luo, 2001 , are considered species inquirendae. All of them are parasites of marine fishes and the following six species were described or reported from the gonads of hosts belonging to the perciform family Serranidae (groupers): Philometra managatuwo Yamaguti, 1941 from Epinephelus septemfasciatus off Japan; P. serranellicabrillae Janiszewska, 1949 and P. jordanoi (López-Neyra, 1951) from Serranus cabrilla and Epinephelus marginatus, respectively, from the Mediterranean Sea; P. margolisi Moravec, Vidal-Martínez et Aguirre-Macedo, 1995 and P. mexicana Moravec et Salgado-Maldonado, 2007 from Epinephelus morio and Epinephelus adscensionis, respectively, from the Gulf of Mexico; and P. charlestonensis Moravec, de Buron, Baker et González-Solís, 2008 from Mycteroperca phenax off the Atlantic coast of the USA (see Moravec 2006 Moravec , 2008 Moravec et al. 2008a) .
Serranid fishes (Cephalopholis sonnerati, Epinephelus akaara, E. cyanopodus, E. fasciatus, E. marginatus, Mycteroperca bonaci, M. rubra) were also frequently reported as hosts for another gonad-infecting species of Philometra, P. lateolabracis (Yamaguti, 1935) , originally described only from females (Yamaguti 1935 ) (see Moravec 2006 , Quiazon et al. 2008 . However, recent detailed redescription of P. lateolabracis by Quiazon et al. (2008) , based on newly collected specimens (including males) from the type host from Japan, has shown that only the specimens from Lateolabrax japonicus (Lateolabracidae) belong to this species, whereas those reported from many other fish hosts represent rather different species. Subsequently, Moravec (2008) revalidated Philometra jordanoi, mentioning that the philometrids reported as P. lateolabracis from other European hosts Mycteroperca rubra and Seriola dumerili (see Moravec et al. 2003 , as well as those from the gonads of Epinephelus cyanopodus and E. fasciatus off New Caledonia (Moravec and Justine 2005) , should be reported as Philometra sp. until new data are available.
Although in some morphological features Philometra cyanopodi sp. nov. somewhat resembles other gonad-infecting species of Philometra parasitizing serranid fishes, there are distinct differences between them. In contrast to P. cyanopodi, the gravid (larvigerous) female of P. serranellicabrillae (male unknown) and that of P. margolisi is much shorter (>61 and >86 mm, respectively, vs. <208 mm), whereas that of P. managatuwo (male unknown) is much longer (<400 mm); moreover, the spicules of P. margolisi are about twice as long as those of P. cyanopodi. Philometra charlestonensis and P. mexicana have much shorter spicules (132-141 and 90-120 µm, respectively, vs. 183-228 µm), whereas P. jordanoi has distinctly longer spicules (260-265 µm) (Merella et al. 2004) ; the gubernaculum of all these three species is much shorter as compared with that of P. cyanopodi (81-93, 57-66 and 84 µm, respectively, vs. 129-162 µm) . Quiazon et al. (2008) observed that the distal end of the gubernaculum in the gonad-infecting species Philometra lateolabracis and P. madai Quiazon, Yoshinaga et Ogawa, 2008 was provided with dorsal transverse lamella-like formations on its distal tip. Recently similar structures on the gubernaculum were also found in P. charlestonensis and P. saltatrix Ramachandran, 1973 (see Moravec et al. 2008a, b) ; P. cyanopodi sp. nov. is the fifth species in which this taxonomically important feature has been recorded.
Philometra cyanopodi was already recorded by Moravec and Justine (2005) , who had found a posterior body fragment of one male and a nongravid female in the ovary of E. cyanopodus in New Caledonia. However, they identified it, as well as the congeneric specimens from Epinephelus fasciatus, as Philometra lateolabracis (see above). Considering the redescription of the latter species by Quiazon et al. (2008) , it is now clear that P. cyanopodi differs from P. lateolabracis in many characters such as the shape of the oral aperture in large females (large, circular vs. small, triangular), the shape of the distal end of the gubernaculum (absence or presence of the dorsal protuberance), or distinct differences in the length of spicules (183-228 vs. 65-130 µm) and the gubernaculum (129-162 vs. 50-93 µm).
Specimens from the ovary of E. fasciatus, designated as P. lateolabracis by Moravec and Justine (2005) , evidently belong to a different species than P. cyanopodi, for which the name Philometra fasciati sp. nov. is now proposed (see below). Differences of P. cyanopodi sp. nov. from other gonadinfecting species of Philometra are apparent from the key provided by Moravec et al. (2008a) .
Philometra fasciati sp. nov. (fig. 3A-D Comments: This new species is established by reference to the description and drawings ( fig. 3A-D and G-I) provided by Moravec and Justine (2005) ; its deposited specimens are considered syntypes (ICZN 73.2) . The measurements of a single male from E. cyanopodus included in parentheses in the description of "P. lateolabracis" by Moravec and Justine (2005) , as well as the respective drawings ( fig. 3E, F) , relate to Philometra cyanopodi (see above); the illustrations of a mature female ( fig. 3G-I ) refer to a specimen from E. fasciatus, not from E. cyanopodus as erroneously reported, and concern Philometra fasciati.
Philometra fasciati sp. nov. distinctly differs from P. cyanopodi mainly in the length of spicules (147-156 vs. 186-228 µm) and gubernaculum (69-84 vs. 129-162 µm) and in the length ratio of the gubernaculum and spicules (1:1.86-2.17 vs. 1.22-1.54); its gravid females remain unknown. P. fasciati can be distinguished from other congeneric gonad-infecting species parasitizing serranid fishes (see above) principally by the length of spicules, which are much longer (P. jordanoi, P. margolisi) or shorter (P. charlestonensis, P. mexicana); the males of P. managatuwo and P. serranellicabrillae are unknown and, consequently, these can be distinguished only by their geographical distribution (New Caledonia vs. Japan and Mexico). Differences of P. fasciati sp. nov. from other gonad-infecting species of Philometra are apparent from the key provided by Moravec et al. (2008a) .
Philometra lethrini sp. nov. (Figs 3 and 4)
Description: Male (4 specimens; measurements of holotype in parentheses). Body small, filiform, slightly narrowed at region of nerve ring, whitish, 4.53-5.11 (5.10) mm long, maximum width 75-84 (79). Cuticle smooth. Cephalic end rounded. Oral aperture small, dorsoventrally elongate, surrounded by minute cephalic papillae arranged in two circles; external circle formed by four submedian pairs of papillae and internal circle by four submedian and two lateral single papillae ( Figs 3D; 4C) ; amphids indistinct. Oesophagus 450-480 (480) long [9-10 (9%) of body length], without inflation at anterior end; posterior portion of oesophagus with well-developed, long oesophageal gland, somewhat narrowed at its middle part. Nerve ring 90-105 (105) from anterior extremity. Testis reaching anteriorly nearly to middle of oesophagus. Posterior end of body blunt, with two broad, two-lobed, kidney-shaped, lateral mounds and with one pair of preanal and two pairs of postanal, very flat, hardly visible caudal papillae. Spicules slender, needle-like, almost equally long, with somewhat expanded proximal and sharply pointed distal tips; length of spicules 102-114 (114), representing 2 (2%) of body length. Gubernaculum narrow, 72-90 (90) long, with anterior broader part somewhat dorsally bent; anterior part 33-42 (42) long, forming 32-37 (37%) of entire gubernaculum length; proximal tip of gubernaculum blunt, distal tip pointed, without usual reflected dorsal barb or transverse lamella-like formations (Fig. 4E, F) . Length ratio of gubernaculum and spicules 1:1.23-1.42 (1:1.27). Spicules and gubernaculum well sclerotized, yellowish.
Female (6 subgravid specimens; measurements of allotype in parentheses): Body of live specimens reddish, that of fixed specimens light brown, with dark brown intestine visible through cuticle. Anterior part of body somewhat broader than posterior. Length of body 6.05-40.98 (40.52) mm, maximum width 109-503 (503); width of cephalic end 82-258 (258), that of caudal end 82-217 (204) . Maximum width/body length ratio 1:56-116 (1:81). Cuticle smooth. Cephalic end rounded, mouth somewhat depressed. Oral aperture relatively small, oval, dorsoventrally elongate, surrounded by small cephalic papillae arranged in two circles and pair of lateral amphids; internal circle of papillae consisting of four submedian and two lateral single papillae, whereas external circle formed by four submedian pairs of papillae, each composed of one short and one elongate papilla situated on low protuberance ( Figs  3C; 4A 4 . Philometra lethrini sp. nov., SEM micrographs: A and B -cephalic end of subgravid female, apical and sublateral views; C -cephalic end of male, apical view; D -caudal end of male, dorsal view; E and F -same, sublateral and apical views. Abbreviations: a -amphid; b -elongate subventral cephalic papilla of external circle; c -short subventral cephalic papilla of external circle; e -spicules; g -gubernaculum; l -lateral cephalic papilla of internal circle; m -caudal mound; o -oral aperture; s -subventral cephalic papilla of internal circle P. lateolabracis (Yamaguti, 1935) Moravec et al. 2008b ) from Pomatomus saltatrix from off the Atlantic coast of the USA and from the Mediterranean Sea.
However, except for P. madai, the male body length of all these species is distinctly shorter than in P. lethrini sp. nov., not exceeding 3.3 mm (vs. 4.5-5.1 mm). Moreover, the spicules of P. mexicana and P. saltatrix form 3-5% and 5-7% (vs. about 2%), respectively, of the body length, and the gubernaculum in P. lateolabracis and P. madai bears marked dorsal transverse lamella-like formations (vs. without such formations) on its distal tip; in contrast to the new species, the anterior oesophageal bulb in large females of P. madai is markedly developed and the female oral aperture of P. lateolabracis, P. madai and P. isaki is triangular (vs. oval). The males of P. managatuwo and P. serranellicabrillae are unknown and, consequently, they can be distinguished from P. lethrini only by their host types and geographical distribution (see above). Philometra lethrini is so far the only known representative of gonad-infecting philometrids parasitizing fishes of the family Lethrinidae. in lateral view. Oral aperture oval, surrounded by small cephalic papillae arranged in two circles and slightly outlined lateral amphids (Figs 5C; 6); internal circle of papillae consisting of four submedian and two lateral single papillae, whereas external circle formed by four submedian pairs of papillae, each composed of one short and one elongate papilla. Oesophagus including anterior bulbous inflation 1.09 (1.13) mm long, representing 4 (-)% of body length; bulb welldeveloped, 84 (72) long and 87 (66) wide; maximum width of oesophagus including oesophageal gland 95 (68). Oesophageal gland well-developed, with large cell nucleus at middle (Fig. 5A) . Nerve ring and nucleus of oesophageal gland 258 (258) and 639 (707), respectively, from anterior extremity. Ventriculus 33 (27) long and 75 (60) wide. Oesophagus opening into intestine through distinct valve. Intestine ending blindly, its posterior end attached by long ligament ventrally to body wall near caudal end; ligament 272 (-) long. Vulva and anus absent. Ovaries long, narrow, reflected, situated near body ends. Uterus containing spherical eggs (eggs absent). Caudal end rounded, with two small, lateral papilla-like projections (Fig. 5D) .
Host: Brownstripe red snapper, Lutjanus vitta (Lutjanidae, Perciformes) (body length 22 cm, weight 163 g).
Site of infection: Gonad (ovary). Comments: Because only non-gravid females were available, their identification to species was impossible; their general morphology is more or less typical of the majority of gonad-infecting species of Philometra. Philometra lagocephali sp. nov. (Figs 7 and 8) Description: Female (1 gravid specimen, holotype). Body of fixed specimen thick, yellow-brown, its anterior, oesophageal part markedly narrowed than remaining body. Length of body 52.63 mm, maximum width 2.52 mm; maximum width/body length ratio 1:21. Width of cephalic end 258, of caudal end 354. Cephalic end rounded. Oral aperture large, oval, surrounded by small cephalic papillae arranged in two circles and slightly outlined lateral amphids; internal circle of papillae consisting of four larger submedian and two minute lateral single papillae, whereas external circle formed by four submedian pairs of papillae (Figs 7B; 8A, B) . Oesophagus including anterior bulbous inflation 1.09 mm long, representing 2% of body length; bulb large, 165 long and 165 wide, with spacious lumen. Oesophageal gland large, with large cell nucleus at middle (Fig. 7A) . Maximum width of oesophagus including gland 190. Ventriculus poorly developed, 27 long and 82 wide. Nerve ring 286 from anterior extremity. Oesophagus opening into intestine through distinct valve. Intestine brown, ending blindly, its posterior end attached by short ligament ventrally to body wall near caudal end. Vulva and anus absent. Ovaries short, reflected; anterior ovary reaching anteriorly to level of nerve ring, posterior ovary reaching posteriorly to caudal end. Uterus occupying most space of body, extending anteriorly almost to level of nerve ring and posteriorly to posterior extremity. Larvae 399-444 long, maximum width 15-18; length of oesophagus 114-129 (29-30% of body length), of tail 90-126 (20-28% of body length). Caudal end of female somewhat narrowed, rounded; caudal projections not observed (Fig. 7C) Prevalence and intensity: 1 fish infected/2 fish examined; 1 specimen.
Deposition of type specimen: Holotype in Muséum National d'Histoire Naturelle, Paris (JNC 579A).
Comments: Philometrids exhibit a relatively high degree of host specificity (Rasheed 1963 , Ivashkin et al. 1971 , Moravec 2006 and individual species are characterized by their location in the host, particularly that of the gravid females (Moravec 1978) . So far, only four species of Philometra are reported from tetraodontiform fishes (see Moravec 2006) : Philometra balistii (Rasheed, 1963) from the oculo-orbit of Abalistes stellaris and Balistes sp. (both Balistidae) from the Indian Ocean and the Red and South China Seas (Rasheed 1963; Parukhin 1971 Parukhin , 1989 and P. pellucida (Jägerskiöld, 1893) from Arothron stellatus from the Java Sea off Indonesia, P. robusta Moravec, Möller et Heeger, 1992 from Arothron mappa off the Philippines and P. thaiensis Moravec, Fiala et Dyková, 2004 from two freshwater species of Tetraodon in Thailand (Jägerskiöld 1894; Moravec et al. 1992 ; all the last three named species were located in the fish abdominal cavity and all their hosts belong to the family Tetraodontidae.
Philometra balistii can be easily differentiated from the new species by its female morphology (presence of four large cephalic lobes and markedly large caudal projections), body length (<210 mm vs. 53 mm) and the site of infection in the host (oculo-orbit vs. abdominal cavity). On the other hand, the morphology (structure of cephalic and caudal ends and of oesophagus, short ovaries, length of larvae in uterus) of the species described from Tetraodontidae is similar to that of P. lagocephali sp. nov. and the location of females in the host is identical. However, P. pellucida and P. robusta differ from P. lagocephali in a much longer body of gravid female (132-360 and 275-450 mm, respectively, vs. 53 mm), a relative length of the oesophagus to body length (0.6 and 0.6-09% vs. 2%), in the host genus (Arothron vs. Lagocephalus) and in the geographical distribution (Indonesia and Philippines vs. New Caledonia); P. robusta also differs in the presence of small caudal projections. Although the female morphology and biometry of the new species resemble those in P. thaiensis, the lateral cephalic papillae of the internal circle in the former are markedly smaller than the submedian papillae of the same circle, whereas all papillae of the inner circle in P. thaiensis are equal in size. Although the oesophageal gland of P. lagocephali is well-developed and large, that of P. thaiensis is rather small and not well demarcated. Moreover, both species The authors are aware of the fact that P. lagocephali sp. nov. is being described from a single specimen, a procedure that cannot be generally recommended; however, in this case, the new species appears to be well established and, therefore, they consider it more reasonable and useful to give it a specific name rather than to report it as Philometra sp. and to wait years until more specimens are available. Prevalence and intensity: 1 fish infected/1 fish examined; 1 nematode specimen.
Deposition of voucher specimen: Muséum National d'Histoire Naturelle, Paris (JNC 2017a).
Comments: Even though no complete female has been available, judging from the site of infection in the host (oculoorbit), the host genus (Epinephelus) and previous findings in New Caledonian waters, this nematode apparently belongs to Philometra ocularis. Originally this species was described from gravid females from the oculo-orbits of Epinephelus septemfasciatus off Japan (Moravec et al. 2002) and later it was recorded (again only females with the same location in the host) from four other species of serranid fishes (Epinephelus coioides, E. cyanopodus, E. rivulatus and Variola louti) off New Caledonia (Moravec and Justine 2005) . The conspecific male remains unknown. Epinephelus areolatus represents a new host record for this nematode species.
